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Factors that strongly affects the dynamics of ground vegetation in northern boreal forests 
are grazing and trampling by reindeers. Cladina stellaris, which is the main species of 
lichen in northern areas, is also an important food source for reindeer. The population of 
reindeer is high, and it has a considerable influence on the boreal forest ecosystems. In this 
study, we describe the reindeer herding effects on above- and below-ground vegetation 
and on soil carbon (C) content. We compared the changes on both sides of a fence that has 
excluded reindeer from one area for the last 50 years. As expected, in the grazed area there 
were significantly smaller amounts of lichens and other vegetation. Total above-ground 
biomass as well as that of trees was higher in the area where no reindeer grazing occurred. 
In the ungrazed area, the tree-diameter distribution was strongly skewed towards thinner 
trees. There was no significant effect of reindeer grazing on the soil C content.
Introduction
Mammalian herbivors can negatively affect eco-
systems (Naiman et al. 1986, Owen-Smith 1987, 
Cantor & Whitham 1989, Collins et al. 1998, 
Stark et al. 2010). For example, high density of 
herbivores tends to reduce plant diversity (Olff 
& Ritchie 1998). That kind of negative influence 
has usually resulted from human activities, and 
reindeer herding is no exception (Helle & Aspi 
1983, Oksanen & Virtanen 1995, Väre et al. 
1995, Suominen & Oloffson 2000, Rees et al. 
2003, Stark et al. 2010).
During summers, in addition to grasses rein-
deer (Rangifer tarandus) eat leaves of Salix and 
Betula. In winter, Cladina lichens are their main 
food source (Kojola et al. 1995, Heggeberget et 
al. 2002). Reindeer grazing is common in the 
northern boreal zone and has a long history in 
Eurasia as reindeer and humans have interacted 
continuously since the last ice age. Considerable 
nomadic activity started during the 17th century, 
and reindeer husbandries developed into a more 
intensive form during 20th century (Emanuelson 
1985, Suominen & Oloffson 2000). The number 
of managed reindeer has changed over the last 
century and reached its peak at the beginning of 
the 1990s (Danell et al. 1999, Suominen & Oloff-
son 2000). The increase in numbers was caused 
by winter feeding, vaccination and a decrease in 
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the number of predators (Kumpula & Nieminen 
1992, Väre et al. 1996). Since the early 1990s, 
the number of reindeer slightly decreased due to 
limited food resources and is currently around 
200 000 individuals in Finland (Suominen & 
Oloffson 2000, Turunen & Vuojala-Magga 2011). 
Previous studies investigated the influence of 
reindeer grazing on the above-ground vegetation, 
tree growth, soil-nutrient cycling, and microbial 
and microfaunal communities (Jalkanen et al 
1995, Väre et al. 1995, 1996, Fauria et al. 2008, 
Stark et al. 2000, 2003, 2007, 2008, 2010).
In the nutrient-poor boreal forests of northern 
Fennoscandia, the Cladina lichen dominates the 
ground vegetation and constitutes an important 
food source for reindeer during winter (Ahti 1977, 
Ahti & Oksanen 1990, Kojola et al. 1995, Stark et 
al. 2010). A completely ungrazed Cladina carpet 
would actually be unnatural in the area, but the 
current heavy grazing pressure is harmful not only 
to Cladina species, but also to other species in an 
overgrazed area (Kojola et al. 1995, Väre et al. 
1996, Suominen & Olofsson 2000, Heggberget 
et al. 2002, Rees et al. 2003, Fauria et al. 2008). 
The main consequence of overgrazing is that 
Cladina lichens are replaced by bryophytes and 
bare patches of soil (Helle & Aspi 1983, Väre et 
al. 1995, 1996, Rees et al. 2003).
In addition, mammalian herbivores have a 
detrimental effect on forests by damaging the 
understory. There are several examples of how 
they affect growth and regeneration of trees 
(Potvin et al. 2003, Casabon & Pothier 2007, 
Beguin et al. 2009, den Herder et al. 2007, 2009). 
Reindeer has been found to limit growth of wil-
lows in boreal forests (den Herder et al. 2007).
In terrestrial ecosystems, soil represents the 
major reservoir of organic carbon (IPCC 2007, 
Rodeghiero et al. 2009). According to the global 
organic soil carbon map, cold boreal regions are 
the areas with the highest soil organic carbon 
content (Jones et al. 2003). Most of the organic 
matter that enters the soil originates from plants. 
In forest ecosystems, the below-ground bio-
mass is more important for the accumulation of 
soil organic matter than the above-ground litter 
(Ruess et al. 1996, Rasse et al. 2005). In natural 
ecosystems, the release of carbon (CO
2
, CH
4
 and 
BVOCs) from soils results from decomposition 
and mineralization of soil organic matter (Rode-
ghiero et al. 2009). However, the soil carbon 
balance can easily be disturbed by fires or human 
activities (Neary et al. 1999, Duguy et al. 2006, 
Janzen 2006, Bond-Lamberty et al. 2007). The 
net accumulation rate of soil carbon depends on 
the ratio between the gross primary-productivity 
rate and the decomposition rate that are con-
trolled by several factors, including: soil temper-
ature, moisture and substrate quality (Davidson 
et al. 2006). Temperature, however, seems to 
be one of the most important factors control-
ling decomposition of organic matter in the soil 
(Amundson 2001, Rodeghiero & Cescatti 2005).
Intensive reindeer grazing in northern-boreal 
forests of Fennoscandia results in the disappear-
ance of the Cladina carpet, damage to secondary 
vegetation mat (bryophyte and vascular plants), 
and large bare patches of soil becoming increas-
ingly common. This allows the soil to warm 
up faster and reach higher temperatures than in 
Cladina-covered areas (Suominen & Oloffson 
2000, Rees et al. 2003). According to several 
authors this should increase the decomposition 
rate of soil carbon stock (Kirschbaum 1995, 
Amundson 2001, Bellamy et al. 2005, Rode-
ghiero & Cescatti 2005). On the other hand, 
dryness influences bare soils more strongly by 
exposing the humus layer, which may be harmful 
to decomposing organisms.
We examined the reindeer herding effect on 
vegetation, above- and below-ground biomass, 
and on soil carbon content. We also compared 
the changes in soil carbon content and vegetation 
cover between boreal forest grazed by reindeers 
and an “unnatural” area that has been fenced off 
and not grazed for more than 50 years.
We hypothesize that reindeer herding affects 
(1) the vegetation composition, (2) tree growth, 
and (3) C pool dynamics in soil surface layers.
Material and methods
Study area
The study area was situated in Finnish Lapland 
in Sodankylä (67°21´N, 26°38´E), close to the 
Arctic Research Centre of the Finish Meteorolog-
ical Institute, 120 km north of the Arctic Circle. 
The district of Oraniemi is about 4085 km2 in 
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area, and is among the five largest reindeer herd-
ing districts of Finland. The number of reindeer 
changed during the last 50 years, reaching its 
maximum of 1.78 animals per km2 in the 1990s. 
Now it is around 1.58 animals per km2 (8000 ani-
mals), which is three times denser than it was in 
the 1960s (Kumpula et al. 2009, Turunen & Vuo-
jala-Magga 2011). The main tree species growing 
in the area is Scots pine (Pinus sylvestris), with 
tree ages varying from 50 to 130 years. The soils 
in the area are sandy, with about 0.5 cm layer of 
humus (conditions are similar on both sides of 
the fence). Ground vegetation is characteristic of 
the boreal pine forest. It is dominated by lichens 
(mostly Cladina stellaris and few Cladonia sp.) 
in places where reindeers have no access. In 
the grazed area, there are also some damaged 
mosses (Hylocomium splendens and Dicranum 
sp.), and vascular plants (Vaccinium vitis-idaea, 
Empetrum nigrum and Calluna vulgaris). The 
long-term annual mean temperature is –1.0 °C 
and the mean precipitation is 499 mm (Finnish 
Meteorological Institute 1991, Suni et al. 2003). 
The ground is typically covered by snow from 
October until mid-May, and the uppermost soil 
layers are frozen during the same period. The 
fence enclosing the area which has not been 
grazed was erected about 50 years ago for snow 
depth measurements, and excluded reindeer since 
then. The size of the fenced area is 40 ¥ 50 m2. In 
the Oraniemi district, the overall herding pressure 
50 years ago was around 2000 animals (0.4 ani-
mals per km2) (Turunen & Vuojala-Magga 2011). 
The site was topographically homogenous and 
even, but the actual vegetation at that time was 
not documented.
Biomass and soil sampling
In order to characterize the soil carbon con-
tent and ground vegetation, in August 2011 we 
established four, 40-m-long transect lines (two 
lines inside the fence and two lines outside the 
fence) with each line having soil coring plots 
every 4 meters. The transect lines were run in 
parallel at the distances of 2 and 5 m from the 
reindeer fence. The following tree characteristics 
were measured in two 10 ¥ 40 m plots estab-
lished inside and outside the fence and enclos-
ing the transect lines: diameter at 1.3 m height, 
height of a tree, crown height, crown diameter, 
and stand age. Measured trees in sample plots 
were then divided into five diameter classes and 
from every diameter class at least six model 
trees were selected (modified from Havimo et al 
2009). Their heights, crown heights, crown diam-
eters (radius of a crown to north, south, east and 
west direction) and tree age (determined from 
increment core) were measured. The formulas 
of Repola (2009) were used for tree-biomass 
calculations. These formulas are used to calculate 
the biomass of trees above (e.g. stem, stem bark, 
branches, and needles) and below ground (roots > 
1 cm) based on tree characteristics.
A total of 40 soil-core samples were taken 
from the transects (20 from ungrazed and 20 
from grazed sides of the fence) using a manually-
operated sampling device (Westman 1995). The 
number of analysed samples was based on spatial 
variability (standard deviation in the C content), 
that was determined from soil samples taken 
during the previous year from the same research 
site. Each core was 5 cm in diameter and about 10 
to 25 cm in depth (core depth varied because of 
the sandy and stony soils). Samples were frozen 
and transported to a laboratory of the University 
of Helsinki for further analysis.
Soil profiles of the cores were divided 
into vegetation, litter containing decomposing 
organic layer (LF layer), humus layer (humus 
mixed with mineral soil) (H), and mineral soil 
layers 0 to 5 cm, 5 to 10 cm and 10+ cm 
depths. Plants growing on the surface of the core 
sample were categorized into vascular plants, 
mosses and lichens. All visible roots were sepa-
rated from litter and soil. All were oven-dried 
at 60 °C except soil which was dried at 105 °C 
for 24 h and their biomass was calculated. After 
the drying, stones were sieved out from the soil 
(sieve diameter 2 mm) and the samples were pul-
verized. The soil C content was measured with 
an elemental analyser (varioMAX CN, Elemen-
tar Analysensysteme GmbH, Germany).
Data analyses
Normality of the data was verified with Shapiro-
Wilk’s test, and no transformations were neces-
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sary. The reindeer grazing effect on soil C con-
tent was evaluated using a general linear model 
(GLM) for analysis of variance (ANOVA) with 
the following fixed factors: biomass of ground 
vegetation, biomass of trees, treatment (grazed 
vs. ungrazed), and carbon content of the roots. 
A t-test was used for comparisons of means. The 
statistical analyses were conducted using SAS 
ver. 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
The lichen biomass measured from the core sam-
ples was significantly higher (t-test: t
40
 = 2.093, 
p = 0.000038) at the ungrazed site (350 g m–2) 
as compared with that in the area grazing by 
reindeer (< 90 g m–2). Moreover, the total ground 
vegetation biomass was significantly (t-test: t
40
 
= 2.093, p = 0.0000049) affected by reindeer 
herding. The total ground vegetation biomass 
was 62% higher in the ungrazed area as com-
pared with that in the grazed area (500 g m–2 vs. 
< 200 g m–2, respectively) (Fig. 1).
The tree biomass (stem, branches and nee-
dles) was significantly higher in the ungrazed 
area (t-test: t
151
 = 1.989, p = 0.0014). Apart from 
lichens, the reindeer had the strongest influence 
on tree-stem biomass (Fig. 2). There was no 
significant difference between the areas in root 
biomass (t-test: t
201
 = 12.706, p = 0.1073).
The mean age of the tree stands was around 
95–100 years. We also found that in the grazed 
area there was almost no regeneration and trees 
were smaller. Grazing significantly affected the 
diameter and height distribution of the trees 
(t-test: t
151
 = 2.7765, p = 0.0043). Moreover, in 
the ungrazed area the tree-diameter distribu-
tion was strongly skewed towards thinner trees 
(Fig. 3). In the ungrazed area, there were many 
more trees belonging to the first diameter class 
and about two times more trees belonging to 
the second diameter class. The two following 
diameter classes were slightly more frequent 
in the grazed area, while the number of trees 
belonging to the 25–30-cm-diameter class was 
approximately the same in both areas. The mean 
tree diameters in the grazed and ungrazed areas 
were 13 and 7 cm, respectively, while the mean 
tree heights were 11.2 m (max. 15.6 m) and 6.5 
m (max. 16.5 m), respectively.
The number of trees per hectare was signifi-
cantly higher in the ungrazed area as compared 
with that at the grazed site (2675 trees ha–1 and 
1100 trees ha–1, respectively; t-test: t
151
 = 2.9199, 
p = 0.0006).
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Grazing had no effect on the soil C content 
since the difference between grazed and ungrazed 
area was not significant (t-test: t
201
 = 2.093, p = 
0.5408) (Fig. 4). When we analysed the factor 
effects on the soil C content, we found that it 
was affected only by root biomass (GLM: F = 
5.47, p = 0.0267) and root C pool (amount of C 
in the roots per m2 of the soil) (GLM: F = 6.19, p 
= 0.019). The type of area (grazed or ungrazed), 
transect location in the sample plot, ground veg-
etation biomass, lichen biomass and tree biomass 
had no effect on soil C content.
The soil C content was the highest in the litter 
layer and decreased with depth (Fig. 5). The dif-
ferences between the grazed and ungrazed areas 
were not statistically significant.
Discussion
The influence of reindeer grazing and trampling 
on the ground vegetation biomass was high as 
expected. The total ground vegetation biomass 
was significantly lower in the area grazed by 
reindeer. Since in our study the initial condi-
tions in both areas were the same, the differences 
between grazed and ungrazed sites resulted 
solely from presence or absence of reindeer. This 
result contradicts the earlier suggestion (Väre 
et al. 1995) that grazing impact might be an 
artefact resulting from site quality differences in 
the grazing studies (Helle & Aspi 1983, Ahti & 
Oksanen 1990). In addition to the effect of rein-
deer on the total above-ground biomass, we also 
found that the tree biomass (stems, branches and 
needles) was higher in the ungrazed area. This 
result is in accordance with the conclusions of 
Helle and Aspi (1983) and Jalkanen et al. (1995).
No small trees were present in the grazed area, 
which indicates the lack of natural regeneration. 
Consequently, negative effects of reindeer herding 
on tree regeneration, especially after forest har-
vesting, may be expected to increase with increas-
ing reindeer population being now about three 
times higher than it was 50 years ago (Kumpula et 
al. 2009, Turunen & Vuojala-Magga 2011).
We found that the loss of vegetation cover 
did not affect the soil carbon content as the dif-
ference between the grazed and ungrazed sites 
was not statistically significant. The soil carbon 
content was, however, decreasing with depth at 
both sites.
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After the Cladina carpet is removed the soil 
remains exposed before the area is colonized by 
another species of vascular plants and mosses 
(Collins et al. 1998). This leads to faster warm up 
of the soil and higher soil temperatures during the 
vegetation period (Suominen & Oloffson 2000, 
Rees et al. 2003, Susiluoto et al. 2008, Rode-
ghiero et al. 2009). Several authors (Kirschbaum 
1995, Amundson 2001, Bellamy et al. 2005, 
Rodeghiero & Cescatti 2005) found these to cause 
faster release of carbon stocks from the soil, 
however, we could not confirm that in our study. 
Although mammal herbivores reduce litter pro-
duction, which in turn leads to a smaller carbon 
input and smaller carbon accumulation in the 
surface soil, in our study, we found no difference 
between grazed and ungrazed sites in this respect. 
Soil carbon was influenced only by root biomass 
and root C-content, while grazing mainly affected 
lichens but not the root biomass. Although there 
were fewer trees in the ungrazed area, the pro-
portion of trees in the diameter class 13–18 cm 
that are characterised by dense canopy and high 
needle biomass was much higher in the areas 
exposed to reindeer grazing. This diameter class 
represents trees in their most active growing 
phase between 40 to 60 years of age.
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